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Abstract 
Working Memory Battery (WMB) operationalizes the concept of working memory of Baddeley and Hitch, consisting 
of three components: phonological loop, visuo-spatial sketchpad and central executive. We hypothesized the 
existence of a significant correlation of WM with achievement in reading, writing and counting in primary school 
cycle. The battery will make the difference between masculine gender and feminine gender, between early ages and 
late ages of the cycle. We used Clinciu Working Memory Battery, consisting of five subtests. WMB is a good 
expression of working memory, showing a close connection to the criterion of academic achievement in the first 
school cycle. 
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of PSIWORLD 2011 
Keywords: Working memory; Working Memory Battery; Validations; Academic achievement; Gender; 
1. Introduction 
Popularity and the immense quantity of research generated by the working memory model of Baddeley 
and Hitch (1974) are explicable from the perspective of its basic qualities. Although it is not exempt from 
weaknesses, the concept of working memory has imposed in front of the one of short term memory from 
the modal model of Atkinson and Shiffrin (1968) for several reasons. If this model was focused mainly on 
the repetition processes, working memory incorporates repetition as an optional process which is involved 
at the level of phonological loop only. The specific of working memory results both in active processing 
and in temporary storage of information. Through this fact the model becomes relevant not only for 
learning but especially for arithmetical counting, verbal reasoning, comprehension, and for the current 
tasks of memory in the traditional approach as well. All these are highly involved in school learning as 
well. The model of working memory has found a consistent theoretical confirmation through the studies 
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following its releasing which make the two slave systems (see Fig. 1), phonological loop and visuo-spatial 
sketchpad, be redefined as verbal and visual working memory. The central executive’s tasks, which can 
hardly be marked out experimentally, are connected to focusing and attentional dividing, which is 
defective at the patients having frontal cerebral injuries. 
The major objective of our study was to validate, against an external criterion (academic achievement), 
Working Memory Battery in the first school cycle, although it is operational for the entire schooling 
period of time. The utility of this psychometric produce is a large one, being closely connected to the 
functioning of cognitive structure through its dimensions of encoding, storing and retrieving information.   
This thing is essential in learning in general, and especially in school learning, this fact being continually 
stressed by a multitude of authors: Baddeley, & Hitch (1974), Baddeley (1998); Baddeley, (2010); 
Kulcsar (1978), Davitz, & Ball (1978), Ausubel, & Robinson (1981), Estes (1990), Tulving, & Craik 
(2000). 
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Fig.1. Baddeley and Hitch’s working memory model and WMB subtests allocated for the two slave systems. 
The adequate diagnosis of working memory is important also in the zone of appreciating the 
normality/ abnormality of infantile development, for early initiating the proper recovery measures.   
Psychological research finds in this battery a useful and necessary instrument in studying the relationships 
between verbal component and nonverbal one from memorizing and learning, this fact being stressed by 
Peterson, & Peterson as early as 1959; in order to appreciate the ratio between the visual component and 
the auditory one in the human cognitive structure; to evaluate the ratios between the informational 
component and the operational one of the cognitive structure  (Carroll, 1993); of gender differences 
related to informational processing (Witting, & Petersen, 1979; Daneman, & Carpenter, 1980; Ausubel, & 
Robinson, 1981; Clinciu, 2010) or of those brought by the cerebral laterality of cognitive functions.  
We deliberately intended that this battery should be integrated in the larger model of intelligence 
proposed by Carroll (1993), who reunites, under the concept of cognitive structure, intelligence with 
memory, primary forms of cognition (sensorial-perceptive) with the abstract-logical ones. On the other 
side, we followed to highlight the specific role and weight of the intelligence and memory in school 
learning, the differences brought about in this process by the age and gender factors.  
2. Method 
2.1. Procedure 
The pupils’ examination was made with their parents’ freely expressed agreement, strictly individual, 
by qualified and previously thoroughly trained. The testing was made in the morning, along a few weeks’ 
time, out of the lessons. The time per pupil varied between 40 and 60 minutes, the time being longer for 
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the pupils in the first grade and for the children belonging to culturally disadvantaged families. We 
especially followed constantly to establish a good contact and to motivate the participants. The teachers 
of the five investigated classrooms used the obtained results for educational counselling and projecting 
some measures of specific intervention for the pupils with difficulties in learning. 
2.2. Participants 
The participants at this validation study were 122 pupils in the first school cycle, aged between 6 and 
11, from the 1st grade classrooms (two), the 2nd grade classroom (one), and the 4th grade classrooms (two), 
having an average age of 8.74 years and a standard deviation (SD) of 1.44. Out of these, 74 are pupils in 
the first two classrooms of primary education and 48 in the last classroom of this cycle. The distribution 
after the gender criterion is a balanced one, 55 being males and 67 females.  
2.3. Measures
We applied Clinciu (2005a; 2005b) standard battery of Working Memory, consisting of the Words 
Memory test (a list of 16 words, read five times, every reading being followed by the participant’s list 
reproduction,  and writing  down the  available  words  and the  errors  (double  or  false  words)  as  well;  the  
Digits Memory test (digits series increasing in length from 3 to 10, which have to be reproduced in direct 
order, followed by digits series increasing in length from 2 to 9, which have to be reproduced reversely, 
two tries being allocated for each series, each try scored with one point; Visual Memory ( a plate to be 
memorized containing 16 abstract pictures whose right places and positions had to memorize for one 
minute, then the participant had to reproduce it later on using little detachable plates on his/her working 
plate; the exercise is done twice in order to detect both memorizing and also visual learning): the 
Rhythms Memory (20 rhythmical sequences which initially are very short and they are getting longer and 
longer and more and more complex as well towards the end, which had to be reproduced by clapping your 
hands, according to the model offered by the examiner); Sequences Memory  (20 sequences of knocking 
four blocks in a more and more complex order). 
The raw results for all the five subtests were turned into standard scores which were correlated with 
the school results for the main subjects and with grade point average (GPA) after the school appreciations 
in a semester had been converted in marks and average grades according to a unitary rule. The measures 
involved in the research were completed by a mini-questionnaire of demographical data (age in years and 
months, gender, level of parents’ education).  
3. Results 
Table 1 shows that on the whole the memory battery validates at a very high level against the school 
achievement criterion (0.65), the correlation being higher for girls than for boys (0.69 for girls vs 0.63 for 
boys). Memory scores are associated more closely with counting than with reading and writing for both 
genders. The achievement at these subjects is preponderantly backed up on boys’ visual memory (0.60) 
and girls’ auditory memory (0.59). As it can be seen in Table 1, counting is more closely associated with 
visual memory than with the auditory one for both genders, the boys being more obvious.  
Searching the difference of average grades between boys and girls, we have found out that they reach 
significant thresholds only for reading and writing: t (55, 67) = 2.62; p < .01. These differences can also 
be found again at the counting level or average grades level where the girls are over by a few tens of 
hundredths without Memory Index or the visual and auditory sub-components should indicate important 
gender differences. 
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Table 1. Correlation of WMB scores with school performance for boys and girls. 
School 
subject 
Gender Auditory 
Memory 
Visual 
 Memory 
Memory 
Index 
Romanian language (reading and 
writing ) 
Boys    n = 55 .49 .60 .58 
Girls    n = 67 .59 .54 .61 
Total    n = 122 .55 .50 .57 
Counting 
Boys    n = 55 .50 .60 .59 
Girls    n = 67 .60 .62 .65 
Total    n = 122 .55 .57 .61 
Grade point average 
Boys    n = 55 .53 .67 .63 
Girls    n = 67 .67 .61 .69 
Total    n = 122 .60 .58 .65 
One of the basic assumptions of our study is that the role of working memory is much bigger at the 
beginning of the primary school cycle and it wastes part of its weight towards the end of the school cycle. 
Table 2 provides some information which is quite conclusive. 
Table 2. Correlation of  WMB  scores with school performance at the beginning and at the end of the primary school cycle. 
School 
subject 
Age Auditory 
Memory 
Visual 
Memory 
Memory 
Index 
Romanian language (reading and 
writing ) 
< 8 ½ years  n = 64 .50 .58 .58 
> 8 ½ years  n = 58 .48 .19 .42 
Delta (percent) -2% -30% -16% 
Counting 
< 8 ½ years  n = 64 .57 .63 .65 
> 8 ½ years  n = 58 .43 .40 .48 
Delta (percent) -18% -24% -23% 
Grade point average 
< 8 ½ years  n = 64 .57 .61 .64 
> 8 ½ years  n = 58 .50 .30 .48 
Delta (percent) -7% -28% -18% 
By calculating the coefficient of determination (r2·100), there can be rigorously assessed the measure 
in  which  decreasing  the  intensity  of  correlations  from  the  beginning  towards  the  end  of  the  primary  
school cycle is produced. It is -18% for the grade point average, the phenomenon being stronger for 
mathematics (-23%) than for reading (-16%). In parallel with curriculum getting more complex, and 
especially with the sequential science subjects, the role of memory in school performance is more and 
more compensate through increasing the weight of intelligence. Furthermore, according to Piaget’s 
psychogenetic theory (1976), between 11–12 years intelligence enter the stage of formal operations, its 
weight in school learning becoming prevalent, at least at the science subjects. Analysing by comparison 
the decline of auditory component and visual component, it is noticed that it is here where there occur 
extremely important differences. If the auditory/verbal factor has a less intense correlation only with 7% 
percentage towards the end of the primary school cycle, the visual component has a four times bigger 
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decline (-28%). Decreasing the role of visual memory is higher for reading-writing (Romanian language – 
30%), but it is extremely high for counting as well even if at a lower level (-24%). The explanation of the 
phenomenon is complex but it seems that, in transmitting information also in learning, school turns to 
good account the auditory sketchpad, the verbal one with priority and the visual memory only 
secondarily.  
4. Discussion and conclusion 
WMB proves  to  be  an  extremely  useful  instrument  in  the  field  of  school  learning where  it  can  offer  
useful information for analysing the cases of underachievement, maladjustment, school failure and 
dropouts. Although the role of working memory is in a slight decrease from the beginning towards the 
end of the first school cycle, leaving bigger and bigger place to the general intelligence as “orchestra 
conductor”, its importance in school learning cannot be ignored at any age. The data accumulated in the 
present study show relatively distinct evolutions for the visual and auditory components of working 
memory, this fact being worth investigating more amply. The major openness of our study is that of 
leading a deep analysis, on the whole schooling sequence, of the relationship between intelligence and 
memory, namely between the operational component and the informational one of cognitive structure, as 
Carroll himself suggests (1993).   
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